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BEARING VALUE OF PIVOTS FOR SCALES 


I. LytTrRopucrion 


1. Foreword.—In the design of heavy capacity scales the length 
of many of the pivots, or knife-edges, where the loads are small, is 
determined arbitrarily, without reference to the loads. However, in 
the main levers of the scale, where the loads are large, the length of 
the pivots is determined by what is considered to be the allowable 
load per unit length. Dr. E. Bauer* states that Martens claims 4000 
kg. per cm. is admissible, and that others reeommend one-half or one- 
quarter of this value. The Bureau of Standards} recommends that, 
for heavy service scales, the load per linear inch shall not exceed 5000 
pounds for high carbon steel, or 6000 pounds for special alloy steel, 
and for light service scales the load per linear inch shall not exceed 
6000 pounds for high carbon steel, or 7000 pounds for special alloy 
steel. 

Ordinarily, in structural design, allowable stresses are chosen which 
do not exceed the elastic limit of the material. In the case of 
pivots, however, the elastic properties of the structure are not obvious, 
and present much difficulty when a theoretical analysis is attempted. 
No reports of the experimental determination of the bearing capacity 
of pivots have been found in the technical literature on scales. The 
proper values for design have evidently been determined by the per- 
formance of the pivots and bearings in actual service. If the scale 
operates within the tolerance limits, it is presumed that the pivots are 
of sufficient length to support the loads, regardless of any permanent 
deformation, or set, that may have taken place. 

Seale design is based on the assumption that a pivot does not re- 
main perfectly sharp, but that the edge increases in width until it 
is able to carry the maximum load applied. The argument offered 
is that it is difficult to grind long pivots and bearings so that they 
will be in contact at all points, but a sharp edge, while adjusting its 
width according to the imposed load, comes into alignment with the 
bearing. This is necessarily a plastic deformation of the material. 

Ordinary practice in scale design thereby conflicts with the prin- 
ciples of ordinary structural design, in that plastic deformation is 
permitted. This fact, coupled with the apparent lack of experimental 
data, warrants an investigation to obtain further information relative 
to the bearing capacity of pivots. 


*Dr. E. Bauer, “The Construction of the Balance.” ; , 
tCircular No. 83, Specifications for the Manufacture and Installation of Railroad Track Scales. 
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2. Object and Scope of Investigation —The principal object of this 
investigation was to determine the bearing capacity of pivots and 
bearings. 

Studies were made to determine the effect of each of the following 
variables: (1) angle of pivot, (2) width of edge, and (3) hardness 
of material. 


3. Character of Deformation of Pivots and Bearings.—The def- 
ormation of a pivot and its bearing may be either elastic or plastic, 
depending on the magnitude of the load, the physical properties of the 
material, and the proportions of the specimens. A pivot cannot re- 
main perfectly sharp, permanent set beginning at very small loads. 
This is a plastic deformation. For pivots having originally a finite — 
width of edge, the deformation will be elastic up to a certain load, 
and beyond this plastic action begins. The load at which the change in 
the character of the deformation occurs has been designated in this 
bulletin the critical load. 


4. Acknowledgments —This investigation is a part of the work of 
the Engineering Experiment Station of the University of Illinois, of 
which Dean Mino 8S. Kercuvum is the director, and of the Depart- 
ment of Civil Engineering, of which Pror. W. C. HuntTINGTON is the 
head. 

The experimental work extended over two periods of two years 
each. The tests made during the first period, 1927-29, were by Ray L. 
Moors, a Research Graduate Assistant in the College of Engineering. 
Because of the lack of other experimental data with which to compare 
the results obtained by Moore, and because of the possibility that 
some influences might have been overlooked in this work, additional 
tests seemed desirable. Consequently the investigation was continued 
by Franx P. Tuomas, also a Research Graduate Assistant, and his 
work extended over the period 1929-31. Both investigations were 
supervised by Wizpur M. Wixson, who prepared this report from 
theses submitted by Moore and Thomas, in 1929 and 1931, respec- 
tively, in partial fulfillment of the requirements for the degree of 
Master of Science in Civil Engineering in the Graduate School of the 
University of Illinois. 

Most of the specimens were heat-treated by E. T. Lannam, Super- 
intendent of the Forge Laboratory of the Department of Mechanical 
Engineering. The remainder were heat-treated in the Fatigue of 


Metals Laboratory of the Department of Theoretical and Applied 
Mechanics. 
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The question of the bearing capacity of pivots was encountered 
in connection with the design of apparatus for testing concrete arches” 
and part of the expense of this investigation was met from funds pro- 
vided by the Committee on Concrete and Reinforced Concrete Arches 
of the American Society of Civil Engineers. 


II. Description or TESTS 


5. Description of Apparatus and Methods of Testing—Most of 
the tests were made in a 30 000-lb. three-screw machine. The methods 
of loading the specimens are illustrated in Figs. 1 and 2. 

Two methods of testing were used, designated as the vertical-def- 
ormation method and the change-in-width-of-edge, or, for brevity, 
the change-in-width method. The vertical-deformation method con- 
sists essentially of measuring the vertical deformation and the set 
in the specimens at each of a number of successively increasing loads. 
Typical load-deformation and load-set curves are shown in Fig. 3. 
For the first test data for the load-deformation curve were obtained by 
measuring the vertical deformation at load increments of 1000 pounds 
from 1000 to 12 000 pounds, the deformation being measured with 
the load on the specimen in each instance. 

The data for a load-set diagram are obtained as follows: The 
specimens are placed in the testing machine and an initial load is 


*See Univ. of Ill. Eng. Exp. Sta. Bul. 202, 1929, and Bul. 226, 1931. 
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Fic. 2. Prvor AND BrearING IN 30 000-LB. Testinc Macuine—Tests By THOMAS 


applied of such magnitude, 500 to 1000 pounds, that it will hold the 
specimen in position but will not cause any permanent deformation. 
The readings of the dials at this initial load are the zero readings. The 
load is then applied in increments of 500 to 2000 pounds, depending 
on the size of the specimen. After the application of each higher load, 
the load is reduced to its initial value and the dials are again read. 
The difference between the reading taken after the return to the initial 
load and the zero reading represents the set caused by the higher load. 

The apparatus used by Moore to measure the vertical deforma- 
tion is illustrated in Fig. 1. The arm A is pivoted at the pin P and 
supported by the screw S. It carries an Ames dial at the left the 
plunger of which bears on the bed of the machine. The weight of 
the arm and dial is carried by a tension spring as shown. The verti- 
cal deformation of the pivot and bearing is multiplied by the ratio of 
the two segments of the arm A, and is indicated by the Ames dial. 
No quantitative value was assigned to changes in dial readings. This 
was not necessary since the critical load was taken as the load cor- 
responding to the break in the curve, and the absolute magnitude of 


the deformation was not essential. No attempt was made to measure 
the set with this apparatus. 
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The apparatus used by Thomas in the application of the first 
method is shown in Fig. 4. A clamp 6 is placed on the pivot and a 
clamp d on the bearing. An accurately-machined wedge c is inserted 
horizontally between the small knife-edges (these are a part of the 
apparatus and not the pivots being tested) which are located in the 
clamps, one directly above the other. As vertical set or deformation 
takes place in the specimens, either the pivot or bearing, the distance 
the wedge can be inserted decreases. The horizontal position of the 
wedge is determined by the dial the plunger of which presses against 
the small end of the wedge. The vertical deformation is multiplied in 
a horizontal direction by the taper of the wedge, the taper for these 
tests being 50 to 1. Thus one division on the dial represents 0.00002 
inch vertical deformation. The deformation and set are both measured 
after each increment of load, and the data for each pair of curves 
shown in Fig. 3 are obtained from a single test. 

The change-in-width method consists essentially of measuring the 
width of the edge of the pivot at each of a number of successively 
increasing loads to determine the smallest load that produces a perma- 
nent change in the width. This method was tried by Moore, but dis- 
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Fic. 4. Apparatus ror Mrasuring VERTICAL DEFORMATION—TESTS BY THOMAS 


carded in favor of the vertical-deformation method. It was later de- 
veloped by Thomas and used for most of his work. 


The apparatus as used by Thomas consists of a micrometer micro- 
scope mounted as shown in Fig. 5. After each application of load, 
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Fic. 5. Micrometer Microscope Mountep ror MrssurinG 
WinptH or Epce or Pivor 


the pivot is removed from the machine, and the width of the edge is 
measured with the microscope at three places, one near each end and 
one at the middle. In addition, the bearing surface is examined for 
indentations. The load is noted which causes the first mark on the 
bearing that can be detected by the naked eye, this really being a sur- 
face mark that cannot be rubbed off, and not an indentation. At a 
somewhat higher load an indentation can be detected. Two methods 
were developed to detect the first indentation on the bearing surface. 
With one method, the bearing is viewed under the microscope, the 
criterion being a definite line showing the impression made by the 
edge of the pivot. The other method consists of spreading a very thin 
layer of lampblack on a straight-edge, and rubbing this across the 
bearing surface. The lampblack will be transferred to the bearing 
except where the surface is indented. The two methods give the same 
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results. However, since the microscope is already set up for the tests, 
it is the more convenient instrument to use in detecting indentations. 

The second method of testing, that is, determining the relation 
between load and change in width of the edge, allows inspection of 
both the pivot and the bearing after the application of each load, 
whereas, in the first method, the specimens remain in the testing ma- 
chine throughout the test, and the deformation observed is the com- 
bined deformation of the pivot and bearing. If the pivot is harder 
than the bearing, the set might all be in the latter, whereas, if the pivot 
is softer than the bearing, the former will be deformed. In either case, 
the first method of testing does not reveal which specimen is first sub- 
jected to a permanent deformation. 

Moore used the vertical-deformation method because it was so 
much more simple and rapid than the change-in-width method. The 
fact that he did not note indentations in the surface of the bearing 
except in tests of pivots with round edges is probably due to his 
having used bearings somewhat harder than the pivots. Early tests 
by Thomas developed indentations in the surface of the bearing and 
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caused him to make the following tests to compare results obtained 
by the two methods. 

A series of tests was made in which one group of four pairs of 
specimens was tested by the first method and another group of four 
other pairs by the second method. Each pair of the second group was 
made as nearly identical with a corresponding pair of the first group as 
possible. For each group there were one pair for which the two blocks 
had the same hardness, two pairs for which the pivot was softer than 
the bearing, and one pair for which the pivot was harder than the 
bearing. 

The diagrams showing the relation between the load and the ver- 
tical deformation for the tests by the first method are given in Fig. 3, 
and the diagrams showing the relation between load and change in 
width of edge in Fig. 6. The critical loads are given in Table 1. The 
relation between the critical load and the original width of the edge 
of the pivot is shown in Fig. 7. The diagrams marked C are for criti- 
cal loads determined from the change in width, and the ones marked 
D for critical loads determined from the vertical deformation. The 
diagrams of this figure indicate that for tests for which the bearing 
is harder than the pivot (M-1050 bearings) the two methods of testing 
give about the same results, but for tests for which the bearing is 
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TABLE 2 
Loe or Typicau Test By CHANGE-IN-WiptH Mrruop 


eiVOluea i siasiscies No. Sp-300-90-1 Rockwell Hardness Test 


Bearing......... No. Sp-300-90-3 
Pivot Dimensions: Pivot Bearing 
LOW AB gebag dee 1.052 inches 
WAGthie ce... 0.00821 inches East |Middle} West | Average| East |Middle| West Average 
Bee er?) Observer, FPL 3 On} 9866. |/50.0 | 6120 61.0 | 61.2| 62.6 
3 ; NS) 56.4 60.4 58.2 63.4 | 61.6 62.2 
Averages| 56.5 | 57.7 59.6 58.0 62.2 | 61.4 62.4 62.0 
Microscope Readings . ; 
Width in 
Load East Middle West Hf Inches 
Vv. 
N. Bel pit eon. BS) Din, | oN: Be hpi | Eiverae | hanes 
0 7006 6486 519 7020 6500 520 7042 6542 500 513 | 0.00821 
7010 6492 7020 6500 7040 6540 
7008 6489 7020 6500 7041 6541 
1000 | 7020 | 6498 | 521 | 7030 | 6508 | 520 | 7050 | 6552 | 500) 514 | 0.00822 | 0.00001 
7016 6496 7030 6512 7046 6544 
7018 6497 7030 6510 7048 6548 
2000 | 7006 | 6490 | 518 | 7026 | 6508 | 518 | 7044 | 6540 | 504 | 513 | 0.00821 | 0.00000 
7010 6490 7028 6510 7044 6540 
7008 6490 7027 6509 7044 6540 
3000 7010 6490 522 7030 6506 524 7046 6538 508 518 | 0.00829 | 0.00008 
7010 6486 7030 6506 7046 6538 
7010 6488 7030 6506 7046 6538 
4000 7010 6480 525 7032 6514 520 7044 6536 509 518 | 0.00829 | 0.00008 
7010 6490 7032 6510 7044 6534 
7010 6485 7032 6512 7044 6535 
5000 7010 6480 531 7030 6510 517 7040 6536 507 518 | 0.00829 | 0.00008 
7012 6480 7030 6516 7040, 6530 
7011 6480 7030 6513 7040 6533 
6000 | 7010 | 6480 | 533) 7030 | 6510 | 520| 7048 | 6534 | 514 | 522 | 0.00835 | 0.00014 
7012 6476 7030 6510 7044 6530 
7011 6478 7030 6510 7046 6532 
7000 7016 6480 535 7030 6508 524 7052 6530 518 526 | 0.00842 | 0.00021 
7014 6480 7030 6504 7050 6536 
7015 6480 7030 6506 7051 6533 
8000 7010 6480 533 7040 6506 540 7070 6524 544 539 | 0.00862 | 0.00041 
7012 6476 7046 6500 7070 6528 
7011 6478 7043 6503 7070 6526 
9000 7010 6458 551 7058 6496 561 7090 6530 564 559 | 0.00894 | 0.00073 
7010 6460 7060 6500 7098 6530 
7010 6459 7059 : 6498 7094 6530 
10000 | 7040 | 6460 | 575 | 7076 | 6494 | 584 | 7106 | 6530 | 578! 579 | 0.00925 | 0.00104 
7036 6466 7070 6484 7110 6530 
7038 6463 7073 6489 7108 6530 
12000 7092 6446 646 7140 6472 663 7170 6536 637 649 | 0.01038 | 0.00217 
7090 6444 7134 6476 7170 6530 
7091 6445 7137 6474 7170 6533 
14000 7124 6370 750 7194 6330 859 7240 6376 861 823 | 0.01317 | 0.00496 
7126 6380 7190 6336 7238 6380 
7125 6375 7192 6333 7239 6378 
16000 7156 6268 888 7246 6270 974 7286 6284 1000 954 | 0.01526 | 0.00705 
7160 6272 7242 6270 7280 6282 
7158 6270 7244 6270 7283 6283 


Bearing: Marked at 1000 lb. Indented at 6000 lb. 


softer than the pivot (C-475 bearings), the critical load is much less 
by the vertical-deformation method than by the change-in-width 
method. In the latter case the principal deformation is in the bearing 


and not in the pivot. 
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TABLE 3 


PuysicaAL Properties or Pivors—Tests py Moore 


Brinell Hardness 
i Kind of Heat Treatment 
Series Steel piven 
Av. Value Bearing 
C-600 Carbon Heated to 1450 deg. F. Specimens 
Tool Steel Quenched in lukewarm water. 1,2,3-400 600 
C = 0:87 Temper drawn at 600 deg. F. in salt bath. Specimens 
per cent 4,5,6,7,8,9- 470 
470 
C-400 Heated to 1460 deg. F. 
Quenched in lukewarm water. 500 600 
Temper drawn at 400 deg. F. in furnace. 
C-550 Sp Heated to 1460 deg. F. 
Quenched in lukewarm water. 464 477 
Temper drawn at 550 deg. F. in salt bath. 
C-O Sp Heated to 1460 deg. F, 
Quenched in oil. 427 430 
No temper. 
M “Alloy High Preheated at 1650 deg. F. Held in high 
Speed heat furnace at 2400 deg. F. for 690 713 
1 min.-20 sec. Quenched in oil. 
Temper drawn at 1050 deg. F. In 
furnace for 45 min. 


TABLE 4 
GEOMETRICAL PROPERTIES OF Pivots Havine Firat Epaes—Tests py Moorn 
Dimensions Dimensions 
Pivot Pivot 
Series No. Series No. 
Width Length | Angle Width Length | Angle 
in. in. deg. in. in. deg. 
C-600 120-1 0.0090 0.95 120 C-600 | 45-1 0.0030 0.95 45 
2 0.0085 0.95 120 2 0.0062 0.95 45 
3 0.0164 0.95 120 3 0.0161 0.95 45 
4 0.0038 0.92 120 4 0.0039 0.92 45 
5 0.0076 0.92 120 5 0.0076 0.92 45 
6 0.0159 0.92 120 6 0.0156 0.92 45 
7 0.0019 0.92 120 7 0.0022 0.92 45 
8 0.0117 0.92 120 8 0.0115 0.92 45 
9 0.0229 0.92 120 9 0.0225 0.92 45 
C-600 90-1 0.0036 0.95 90 C-600 | 30-1 0.0027 0.95 30 
2 0.0070 0.95 90 2 0.0063 0.95 30 
3 0.0153 0.95 90 3 0.0156 0.95 30 
4 0.0036 0.92 90 4 0.0035 0.92 30 
5 0.0076 0.92 90 5 0.0073 0.92 30 
6 0.0153 0.92 90 6 0.0148 0.92 30 
7 0.0019 0.92 90 7 0.0020 0.92 30 
8 0.0123 0.92 90 8 0.0108 0.92 30 
9 0.0229 0.92 90 9 0.0186 0.92 30 
C-600 60-1 0.0030 0.95 60 
2 0.0047 0.95 60 
3 0.0160 0.95 60 
4 0.0038 0.92 60 
5 0.0081 0.92 60 
6 0.0156 0.92 60 
7 0.0016 0.92 60 
8 0.0118 0.92 60 
9 0.0228 0.92 60 
i] 
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TABLE 5 


GEOMETRICAL PROPERTIES OF Prvots HAVING 
Rounp Epcres—Tests sy Moore 


Dimensions 
Series Pivot | Angle 
No Radius Width Length deg 
in in. in 
C-400 90-1 0.085 0.035 1.04 90 
90-2 0.085 0.035 1.04 90 
90-3 0.075 0.065 1.04 90 
90-4 0.075 0.065 1.04 90 
90-5 0.013 0.120 1.04 90 
90-6 0.130 0.120, 1.04 90 
90-7 0.185 » 0.090 1.04 90 
90-8 0.185 0.090 1.04 90 
60-9 0.080 0.025 1.05 60 
60-10 0.080 0.025 1.05 60 
C-550 90-1 0.085 0.035 1.04 90 
90-2 0.085 0.035 1.04 90 
60-3 0.080 0.025 1.05 60 
60-4 0.080 0.025 1.04 60 
C-O 90-1 0.085 0.035 1.04 90 
90-2 0.085 0.035 1.04 90 
60-3 0.080 0.025 1.05 60 
60-4 0.080 0.025 1.05 60 
M 90-1 0.085 0.035 OL 90 
90-2 0.085 0.0385 1.02 90 
90-3 0.075 0.065 1.02 90 
90-4 0.075 0.065 1.01 90 


Because the change-in-width method indicates failure in the two 
blocks of a pair separately, it is the method selected by Thomas to 
be used for most of the tests comprising his investigation. It is, how- 
ever, much slower than the vertical-deformation method used by 
Moore, and the latter method can be used satisfactorily for tests for 
which the bearings are harder than the pivots. 

Table 2 is a log of a typical test by the change-in-width method 
as made by Thomas. 


6. Description of Specimen.—The properties of the specimens used 
by Moore are given in Tables, 3, 4, and 5, and the properties of those 
used by Thomas in Tables 6 and 7. An explanation of the terms used 
in the geometrical description of the specimens is given in Fig. 8. The 
bearings were of the same steel and subjected to the same heat treat- 
ment as the pivots unless otherwise noted. 

The specimens were machined from bars of annealed tool steel, 
then hardened, tempered, and ground before testing. 

It will be helpful in the study of the data if the reader realizes 
the significance of the series and specimen numbers. The letters M, 
B, E, Sp, C, and St indicate the kind of steel, high speed alloy, alloy, 
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TABLE 6 
PROPERTIES OF Prvors Havine Frat Ences—TEsts By THOMAS 


Dimensions 
Pivot). = eee Rockwell Rind Cactnica Heat 
Series Num- Number} o nalysis 
ber | Length | Width | C Seale | Steel per cent Treatment 
in. in. 
-550- 2 Shar 54.9 Car- | Mn 0.25 | Heated to 1460 deg. F. 
Be ae y bon | Si 0.25 | Quenched in luke-warm 
Cr 0.20 water. Temper drawn to 
Phos. 0.018 550 deg. F. in a salt bath. 
max. 
Sul. 0.015 
max 
Mp-1050-90 1 1.00 Sharp 61.1 Alloy | C 0.70 | Preheated at 1500 deg. F. 
2 1.00 0.0123 61.3 High | Mn 0.25 Held in high heat furnace 
3 1.00 0.0106 61.7  |Speed! Cr 0.47 at 2400 deg. F. for 1 min. 
4 1.00 0.0061 60.9 We 14.00 30 sec. Quenched in oil. 
5 1.00 0.0143 60.6 Co 4.00 Temper drawn to 1050 
6 1.00 0.0053 56.8 Va 2.00 deg. F. In furnace 45 
7 1.00 0.0038 62.9 minutes. 
8 1.00 0.0123 59.5 
9 1.00 0.0184 63.4 
10 1.00 0.0184 61.2 
11 1.00 0.0065 64.6 
C-475-90 il 0.95 0.00843} 59.9 Car- Heated to 1420 deg. F. 
gy, 0.95 0.00840) 60.5 bon Quenched in cold water. 
3 0.95 0.0083 58.4 Temper drawn to 475 
4 0.95 0.0088 60.2 deg. F. 
5 0.95 0.01184} 61.7 
6 0.95 0.0127 59.6 
vi 0.95 0.01256} 60.8 
8 0.95 ~ 0.0132 57.7 
B-500 120 1.06 0.00565 54.2 Alloy | C 0.60 | Heated to 1650 deg. F. 
1 Mn 0.25 Quenched in oil. Temper 
120 1.06 0.00646 54.3 Si 0.15 drawn to 500 deg. F. 
2 Cr 1.35 
120 1.06 0.00631 54.0 Ww 2.20 
3 Va 0.10 
60 1.06 0.00603 55.1 Phos. and 
1 Sul. 0.02 
a 1.06 0.00500 53.9 max. 
BO 1.06 0.00544 53.5 
45 1.05 0.00537 52.3 
1 
30 1.04 0.00523 52.6 
il 
30 1.04 0.00544 51.6 
2 
B-500-90 1 1.060 | 0.00500 54.9 | Alloy | C 0.60 | Heated to 1650 deg. F. 
) 1.060 | 0.00550 oe il Mn 0.25 Quenched in oil. Temper 
3 1.060 | 0.00577 55a Si O15 drawn to 500 deg. F. 
4 1.060 | 0.00989 53.9 Cr 1.35 
5 1.060 | 0.00990 63.3 WwW 2.20 
6 1.060 | 0.00998 54.1 Va 0.10 
la 1.067 | 0.01507 54.2 Phos. and 
8 1.067 | 0.01507 53.6 Sul. 0.02 
9 1.067 | 0.01533 53.5 max. 
10 1.072 | 0.02179 53.5 
11 1.072 | 0.02165 53.6 
12 1.072 | 0.02106 53.1 
13 1.025 | 0.02978 51.4 
14 1.036 | 0.03030 51.2 
15 1.025 | 0.02994 52.9 
16 1.047 | 0.04053 S576 
hg 1.047 | 0.03960 52.4 
18 1.047 ' 0.03989 Ooh 
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TaBLE 6—(Concluded) 
Dimensions 
F Pivot Rockwell} Kind Chemical 
Series Num- Number | of Analysis Heat 
ber | Length Width | C Scale | Steel percent Treatment 
in. in. 
St-500-90 1 1.025 | 0.00812 55.4 Car- | Mn 0.30 | Heated to 1490 deg. F. 
2 1.036 | 0.00816 bo. 4 bon | Si 0.18 Quenched in luke-warm 
3 1.033 | 0.00822 54.5 Phos. and water. Temper drawn to 
4 1.026 | 0.00829 54.6 Sul. 0.025 475-500 deg. F. 
5 1.033 | 0.00790 53.6 max 
6 1.030 | 0.00795 52.7 
7 1.026 | 0.00827 S302 = 
8 1.036 | 0.00835 53.6 
M-1050-90 1 1.008 | 0.00826 58.4 Alloy | C 0.70 | Preheated at 1500 deg. F. 
2 1.009 | 0.00837 59.3 High | Mn 0.25 Held in high heat furnace 
3 1.009 | 0.00838 60.8 |Speed| Cr 0.47 at 2400 deg. F. for 1 min.- 
4 1.008 | 0.00811 59.4 W~ 14.00 30 secs. Quenched in oil. 
5 1.037 | 0.00827 60.9 Co 4.00 Temper drawn to 1050 
6 1.016 | 0.00795 59.3 Va 2.00 deg. F. In furnace for 
7h 1.025 | 0.00829 60.3 45 minutes. 
8 1.030 | 0.00829 60.4 
Sp-90 i 1.052 | 0.00821 58.0 Car- | Mn 0.25 | Heated to 1470 to 1530 deg. 
2 1.052 | 0.00794 58.8 bon | Si O25 F, Quenched in luke- 
3 1.052 | 0.00798 59.6 Cr 0.20 warm water. Nos. 1, 2, 3 
4 1.054 | 0.00794 57.4 Phos. 0.018 drawn to 300 deg. F., 
5 1.054 | 0.00810 58.3 max nos. 4, 5, 6 drawn to 500 
6 1.054 | 0.00850 58.2 Sul. 0.015 deg. F., and nos. 7, 8, 9 
G 1.028 | 0.00781 48.1 max. drawn to 700 deg. F. 
8 1.037 | 0.00794 46.3 
9 1.039 | 0.00848 46.8 
E-90 1 1.045 | 0.00810 62.1 Car- | Mn 0.22 | Heated to 1410-1450 deg. F. 
2 1.045 | 0.00816 60.5 bon | Si 0.18 Quenched in luke-warm 
3 1.045 | 0.00805 Hay Phos. and water. Nos. 1, 2, 3 drawn 
4 1.042 | 0.00835 55.3 Sul. 0.020 to 300 deg. F., nos. 4, 5, 6 
iS 1.042 | 0.00827 48.0 max, drawn to 500 deg. F., and 
6 1.048 | 0.00790 52.0 nos. 7, 8, 9 drawn to 
Uh 1.0389 | 0.00784 46.6 700 deg. F. 
8 1.039 | 0.00789 47.5 
9 1.042 | 0.00811 45.3 
St-90 i! 1.030 | 0.00779 62.0 Car- | Mn 0.30 | Heated to 1520 deg. F. 
2 1.031 | 0.00778 58.7 bon | Si 0.18 Quenched in luke-warm 
3 1.031 | 0.00805 49.4 Phos. and water. Nos. 1, 2, 3 drawn 
4 1.026 | 0.00787 55.8 Sul. 0.025 to 300 deg. F., nos. 4, 5, 6 
5 1.028 | 0.00813 56.0 max. drawn to 500 deg. F., and 
6 1.027 | 0.00830 49.5 nos. 7, 8, 9 drawn ‘to 
7 1.024 | 0.00830 47.0 700 deg. F. 
8 1.025 | 0.00795 45.0 
9 1.024 | 0.00800 46.3 


and four high carbon steels. The number following the letter indicates 
the temperature to which the hardened specimens were drawn. The 
second number indicates the angle of the pivot. That is, specimen 
B-500-120-2 is specimen of an alloy tool steel, tempered to 500 deg. F., 
with an edge angle of 120 degrees. The final number, 2, indicates that 
the particular specimen is number 2 of the series. 

All steels were bought in the open market. They were described 
as being suitable for cutting tools and were not designed primarily 
for pivots for scales. 
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TABLE 7 
PROPERTIES OF Prvots Havina Rounp Epvces—Tests By THOMAS 


Dimensions 
Pivot etait i ie Cherie Heat 
Series |Num- umber fo) nalysis 
ber | Length | Width | Radius | C Scale | Steel percent Treatment 
in. in, in. 
C-400-90 4 1.04 0.0406 0.10 61.0 Car- | Mn 0.25 | Heated at 1460 deg. F. 
5 1.04 0.062 0.10 62.0 bon | Si 0.25 Quenched in luke- 
7 1.04 0.097 0.10 56.0 Cr 0.20 warm water. Tem- 
8 he 0.0464 0.10 62.0 Phos. 0.018 per drawn to 400 
max deg. F. in furnace. 
Sul. 0.015 
max 
Bearings 
Series Specimen | Rockwell oe Heat Treatment 
Number Number Number percent 
C-400-90 4 48.4 Same as Same as Series C-400 above 
a 54.5 Series C-400 
M-90 3 64.7 Cc 0.70 Preheated at 1650 deg. F. Held in furnace 
Mn 0.25 at 2400 deg. F. for 1 min. 20 secs. Quenched 
Cr 0.47 in oil. Temper drawn to 1050 deg. F. 
w 14.00 In furnace for 45 minutes. 
Co 4.00 
Va 2.00 
; Kadius : ' 
thw  \eLength— akg le a 
kour7rd Fivor Flat Fivor 


Fig. 8. EXPLANATION oF Terms Usep 1n DescrisinGc SPECIMENS 


7. Criterion for Determining Critical Load—With the vertical-def- 
ormation method of testing, two* curves were plotted for each test, 
a load-deformation curve, and a load-set curve. The two curves for 
tests by Thomas are given in Fig. 3, and the curves for tests by Moore 
in Fig. 12. The point on the load-deformation curve at which the re- 
lation between the load and the deformation changes is designated as 
the critical load. The load-set curves are not interpreted, but they are 


*Moore obtained data for the deformation curve only. 
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of interest in that they show the magnitude of the set at the critical 
load. 

With the change-in-width-of-edge method, a curve is drawn show- 
ing the relation between the load and the change in width. The curves 
by Moore for pivots with narrow edges and a small angle had a pro- 
nounced break, but the break became less distinct as the edge became 
wider and the angle larger. Nevertheless, Moore used the break in 
the curve as a means of determining the critical load for all tests by 
this method. The widths of the edges of the pivots tested by Thomas 
were in general greater than those tested by Moore, and there was no 
distinct break in the curve showing the relation between the load and 
the width of the edge of the pivot. To avoid the personal element 
in interpreting the tests, Thomas designated as the critical load that 
load which produces a change in width of the edge of 0.0005 in. Curves 


for tests by Thomas are shown in Fig. 6 and for tests by Moore in 
Fig. 9. 
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III. Resvuuts or TrEsts 


8. Relation Between Pivot Angle and Bearing Value of Pivots.— 
Tests to determine the relation between the angle of a pivot and its 
bearing value were made by both Moore and Thomas. 


Tests by Moore 

The tests by Moore included one series by the change-in-width 
method and another series by the vertical-deformation method. The 
same grade of steel was used for both, a high-carbon tool steel hard- 
ened and drawn to a temperature of 600 deg. F. The physical and 
geometrical properties of the specimens are given in Tables 38 and 4. 
These tests were made at three widths of edge for each angle. The 
length of the edge was 0.95 in. for all specimens. The diagrams show- 
ing the relation between load and change in width of edge are given in 
Fig. 9. The diagrams of Fig. 10 were drawn to determine the relation 
between the critical load and the original width of the edge for pivots 
of each of the various angles. The critical load for pivots having 
edges 0.004, 0.010, and 0.014 in. wide were then read from the diagrams 
of this figure and used to determine the curves of Fig. 11 that show 
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and 0.022 in. The diagrams showing the relation between load 


) 


Four widths of edge were used by Moore in determining the rela- 


the relation between the critical load per inch length and the pivot 
tion between the critical load and the pivot angle by the vertical- 


angle for these three widths of edge. 
deformation method, these widths being, approximately, 0.008, 0.012, 


0.016 
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and vertical deformation are given in Fig. 12. The relation between 
critical load and width of edge for pivots of various angles is given in 
Fig. 13. The critical loads for pivots having edges 0.008, 0.012, 0.016, 
and 0.022 in. wide were then read from the diagrams of this figure and 
used to determine the curves of Fig. 14 which show the relation be- 
tween the critical load per linear inch and the pivot angle for the four 
widths of edge. 
Tests by Thomas 

The tests by Thomas were made by the change-in-width method. 
Specimens used in this series are shown in Fig. 15. All pivots had flat 
edges of a nominal width of 0.006 in. and all specimens were of alloy 
tool steel, hardened and tempered to 500 deg. F. The curves showing the 
relation between load and change in width are given in Fig. 16. The 
results of this group of tests are given in Table 8. The relation be- 
tween the critical load per linear inch and the pivot angle is shown 
by Fig. 17. 
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Tests sy THOMAS 


The pivots having angles of 60 degrees or less made no indentation 
on the bearing surface at any load, whereas those having an angle of 
90 degrees or more indented the bearings, and at loads below the criti- 
cal load of the pivot. For all tests the bearing was a little harder than 
the pivot. The plastic flow of material, for pivots with an angle of 
60 degrees or less, was large for the high loads. 

The tests by Moore and Thomas are consistent in that they both 
show that the bearing capacity of a pivot varies directly as the angle. 
Quantitatively, the three series, two by Moore and one by Thomas, 
are fairly consistent. The bearing values of a 90-deg. pivot having 
an edge 0.006 in. wide, as given by Figs. 10, 13, and 17, are 2600, 3850, 
and 3400 lb. per linear in., respectively. Moore determined the hard- 
ness of the pivots by the Brinell test, and the values given are not di- 
rectly comparable with the Rockwell numbers given by Thomas. But 
tests by Thomas on specimens used by Moore indicate that the Rock- 
well number for the specimens used in the tests of the first series by 
Moore, reported in Fig. 10, varied from 48 to 50. The Brinell numbers 
in Table 3 indicate that the pivots used in the second series of tests by 
Moore, reported in Fig. 13, were harder than those used in the first 
series. The pivots used by Thomas, as shown by the Rockwell num- 
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bers in Table 6, were harder than those used by Moore in the first 
series. In view of this variation in the hardness of the material, the 
results obtained by the three series of tests are not quantitatively in- 
consistent. 


9. Relation Between Width of Edge and Bearing Value of Pivots — 


Tests by Moore 


The tests made by Moore and described in Section 8 are used in 
the study to determine the relation between the width of the edge of 
a pivot and its critical load. Figures 10 and 13 show the relation be- 
tween the critical load per linear inch and the width of edge for pivots 
having various angles. 

Tests by Thomas 


Two series of tests were made by Thomas in the investigation to 
determine the relation between the bearing value of a pivot and the 
width of its edge. In the first series the edges of the pivots were 0.005, 
0.010, 0.015, 0.020, 0.030, and 0.040 in. wide. The pivot angle for all 
specimens was 90 degrees, and the specimens were made of alloy tool 
steel which had been hardened and tempered to 500 deg. F. The curves 
showing the relation between the load and the change in width of the 
edge for the various tests are shown in Fig. 16 and Fig. 18. 


BEARING VALUE OF PIVOTS FOR SCALES 335) 


TABLE 10 
BEARING VALUE or Pivots Havine Various WIDTHS OF 
Epcre—TEeEsts py THOMAS 
Series Mp-1050-90. Length of Pivots, 1.0 in. 


: Rockwell No. : Critical Load as Unit Vertical 
Specimen No. C Seale Width of Edge Determined by Pressure at 
Maxi- 
Dead 
Change | Vertical he Critical | Maximum 
Pi Bear- | .. Bear- | Before After in a Defor- | Applied Load Load 
ivot| jing | Pivot | “ing Test Test Width | mation lb. lb. per lb. per 
i. an. lb. lb. sq. in. sq. in. 

1 2 61.1 }) 63.5 Sharpe |Os0145) |) eres None 12 O00F) aes cis 827 000 

a 4 62.9 | 65.9 | 0.0038 | 0.0146 CeO A aice 13 000 894 000 890 000 

6 4 56.8 | 65.9 | 0.0053.) 0.0110} o2.4.. 3000-1 10: OOOM oa, oe os 910 000 

4 7 60.9 | 65.1 | 0.0061 | 0.0122 A SS00mIT Gn aense 10 000 705 000 820 000 
11 of 64.6 | 64.5 | 0.0065 | 0.01656; ..... 3 O00) 16000) Seas ene 966 000 

3 1 Gla 620m MOF OLOGm I mre. call meeecperste 4 OOO 8 TS QOU Me cit av peal temp eater 

2 i 61.3 | 63.0 | 0.0123 | 0.0206 | 10 000 | ..... 20 000 780 000 970 000 

8 10 59.5 | 64.0 | 0.0123 | 0.0245 GYG9OMIE Fae: 24 000 525 000 980 000 

5 10 6076) | 64.0 || 00143" | 0.0247 |)" fac. 2000020) OOO erriss totes 810 000 

9 8 63.4 | 64.3 | 0.0184 | 0.0317 | ...... 107000) 1 SO%O0O WT acces ee 945 000 
10 9 GL .2. 64.1 | 0.0184 | 1020325 | 10 2007) 2.46 30 000 540 000 923 000 

| 


The results of the tests are given in Table 9. The relation between 
the width of edge and the critical load per linear inch is shown in 
Fig. 19. 

For all tests in this series the bearing was slightly harder than 
the pivot, the difference being from one to three points on the Rockwell 
scale. Under these conditions the critical load of the pivots is in some 
instances slightly less, and in others slightly more than the smallest 
load producing an indentation on the surface of the bearing. 

In the second series of tests by Thomas to determine the relation 
between the bearing value of a pivot and the width of its edge, tests 
were made on pivots having edge widths of approximately 0.004, 0.005, 
0.006, 0.010, 0.012, 0.014, and 0.018 in. The pivot angle for all speci- 
mens was 90 degrees and the material was a high speed alloy tool steel. 
The curves showing the relation between the load and the change in 
width of the edge are similar to the curves of Fig. 18. Some tests were 
made by the vertical-deformation method, others by the change-in- 
width method. The results of all tests are given in Table 10. 

Figure 20 shows the relation between the critical load per linear 
inch and the width of edge for this series, the results obtained by the 
two methods being plotted separately. 

Although some of the results are somewhat erratic, in general the 
critical load per linear inch of pivot varies directly as the width of 
edge as determined by all four series of tests. 


36 ILLINOIS ENGINEERING EXPERIMENT STATION 
K 
S 
Ca UG t— 
AN 
‘s os 
Gy L 
Naa 
‘N x 
EN 
NW 
NS 
n SS 
ENGEN 
NS NY G 
NN XQ 
AN) 
N 
we RA 
iN 
i 
~ 
Oo 
0 @ 4 6 8 /0 Vs (4 16 /8 


Width of Lage lt Thousand ths of ar) lich 


Fig. 20. Retation Berween Critica, Loap per Linear INcH AND WiptH or Epa 
—Trsts py THOMAS 


10. Relation Between Hardness of Material and Bearing Value 

of Pivots and Bearings.— 
Tests by Moore 

Pivots having round edges were used by Moore in the study to 
determine the relation between bearing value of pivots and hardness 
of material. The properties of the material and the results of the tests 
are given in Table 11. The relation between the critical load per linear 
inch and the hardness of the material for 90-deg. pivots is shown by 
the upper curve of Fig. 21. Only tests of specimens 90-1 and 90-2, 
the ones having the same geometrical properties, were used in this 
study. Each point on the curve represents the average of two tests. 
The lower curve of Fig. 21 represents the relation between the critical 
load and the hardness of the material for 60-deg. pivots. Each point on 
the curve represents the average of two tests as reported in Table 11. 


Tests by Thomas 
The investigation by Thomas to determine the effect of the hard- 
ness of the material upon the bearing capacity of pivots and bearings, 
consists of two series of tests. The first included 27 tests. Three kinds 
of carbon tool steel, designated as St, Sp, and E, were used, and each 
kind of steel was drawn at three temperatures, 300, 500, and 700 deg. 
F. The pivot and bearing that were tested together were, in every 
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TABLE 11 
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Bearing VALUE or Pivots witH Rounp EpGEs AND oF VARIOUS DEGREES OF 


Harpness—Tests spy Moore 


Dimensions 


Critical Brinell 
Series Pivot No. Load Hardness 
Radius Width Length lb. Pivot 
in. TH. in. 
C-400 90-1 0.085 0.035 1.04 28 000 477 
90-2 ; 28 000 477 
C-O 90-1 0.085 0.035 1.04 16 000 423 
90-2 16 000 423 
C-550 90-1 0.085 0.035 1.04 22 000 460 
90-2 24 000 460 
M 90-1 0.085 0.035 1.04 34 000 683 
90-2 36 000 713 
C-400 90-3 0.075 0.065 1.04 30 000 520 
90-4 30 000 477 
M 90-3 0.075 0.065 1.04 33 000 683 
90-4 32 000 683 
C-400 90-5 0.1380 0.120 1.04 34 000 460 
90-6 35 000 484 
C-400 90-7 0.185 0.090 1.04 37 000 512 
90-8 39 000 555 
C-400 60-9 0.080 0.025 1.04 22 000 520 
60-10 18 000 484 
C-550 60-3 0.080 0.025 1.04 18 000 460 
60-4 18 000 477 
C-O 60-3 0.080 0.025 1.04 14 000 430 
60-4 17 000 430 
40 
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Fic. 21. Reration Berween Critica, Loap per Linear INCH AND HARDNESS OF 


MarepriaL For Prvors with Rounp Epces—Tests py Moore 


case, of the same steel and had received the same heat treatment. All 
pivots had flat edges and 90-deg. angles, and the widths of all edges 


were approximately 0.008 in. All tests were made in triplicate. 


The results of the tests are given in Table 12. Only in the case of 
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Bearing St-300-90-3 Bearing St-700-90-8 

Pivot St-300-90-2 Pivot St-700-90-9 

Length of Pivot 1.031 in. Length of Pivot 1.024 in. 
Width of Edge 0.00778 in. Width of Edge 0.00800 in. 


Fic. 22. INDENTATIONS ON SuRFACE OF BEARINGS (x 2) 
The dots show where the Rockwell hardness numbers were taken. 


specimens made of one tool steel drawn at a temperature of 500 deg. 
F., specimens E-500-90, was the capacity of the bearing equal to that 
of the pivot. This was true even though the Rockwell number was 
greater for the former than for the latter in most instances. The bear- 
ing capacity was as great for specimens drawn at 500 deg. F. as for 
those drawn at 300 deg F., but specimens drawn at 700 deg. F. did not 
have as great a bearing capacity as those drawn at 500 deg. F. 

The tool steel designated as St did not give uniform results. The 
pivot and bearing, specimens St-90-300-2 and St-90-300-3, were sup- 
posed to be identical, but the Rockwell numbers for the two were 58.7 
and 45.4, respectively. Table 12 shows that the bearing was indented 
at a load of 2000 Ib., but that the pivot did not receive a set of 0.0005 
in. at a load of 16 000 lb., the maximum to which it was subjected. 
This was due to the penetration of the pivot into the bearing which in- 
creased the area in contact, and introduced lateral pressure near the 
edge of the pivot, increasing its resistance to vertical pressure at the 
point. The indentations on the bearing for this, and one other test 
of this series, are shown in Fig. 22. The numerals on the figures indi- 
cate the load in thousands of pounds which produced the indentation. 
The diagrams showing the relation between the load and the change 
in width of the edge of the pivot for the specimens of the St-300-90 


series are given in Fig. 23. 
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Fic. 23. Re,ation Berween Loap AND CHANGE IN WipTH or EpcE or PrvotT— 
Tests sy THOMAS 


The second series of tests by Thomas in the investigation to de- 
termine the effect of the hardness of the material upon the bearing 
capacity of pivots and bearings consisted of sixteen tests made on 
two kinds of steel. Eight specimens were of steel designated as St, 
hardened and drawn at 500 deg. F., and eight were of high speed alloy 
tool steel hardened and drawn at 1050 deg F. All pivots had flat 
edges with a width of approximately 0.008 in. and an angle of 90 
degrees. The results of the tests are given in Table 13. 

The relation between critical load for the pivot and the ratio of 
the hardness of the pivot to the hardness of the bearing is shown in 
Fig. 24. These diagrams indicate that making the pivot harder than 
the bearing increases the critical load for the pivot and that this 
influence is greater for the softer than for the harder tool steels. It 
should be noted, however, that the increase in the critical load of the 
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pivot has been accompanied by a decrease in the critical load of the 
bearing. 

The tests of high speed alloy pivots on bearings of the same ma- 
terial show that the critical load of the pivots was 4920 lb. and the 
smallest load producing a detectable indentation of the bearing was 
7000 lb., the average of four tests in each case. The Rockwell numbers 
for the pivots and bearings were 59.5 and 62.7, respectively, a differ- 
ence of 3.2. Likewise, tests of carbon steel pivots on high speed alloy 
steel bearings show that the critical load of the pivots was 43820 lb., 
the average of four tests, whereas the bearings showed no detectable 
indentations after a load of 16 000 lb. had been applied. The Rock- 
well numbers for the pivots and bearings were 53.4 and 63.0, respec- 
tively, a difference of 9.6. These data and the data contained in Table 
12 apparently indicate that, if the pivot is not to indent the surface of 
the bearing, the bearing should be from three to five points on the 
Rockwell scale harder than the pivot. There is some evidence indi- 
cating that permanent set is more likely to be received at a smaller 
load by the bearing than by the pivot if the pivot has a large angle 
than if it has a small one. 


11. Effect of Successive Loads Upon a Pivot Originally Sharp— 


Tests by Thomas 
Pivot Mp-1050-90-1, described in Table 6, originally sharp, was 
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tested on bearing Mp-1050-90-2. The two specimens had the same 
composition and the same heat treatment, and the Rockwell numbers 
were 61.1 and 63.5, respectively. 

The pivot was first loaded to 6000 lb. in increments of 1000, the 
vertical deformation and set being measured at each load. The rela- 
tion between the load and deformation is given in Fig. 25. The set 
at 6000 lb. was 0.0026 in. The load was then removed and reapplied, 
deformations being read at intervals of 1000 lb. from 6000 to 12 000. 
The increase in set from 6000 to 12 000 lb. was nearly the same as. 
the set that occurred during the first loading to 6000 lb. The width of 
the edge was measured and found to be 0.0069 in. after the first ap- 
plication of the 6000-lb. load, and 0.0145 in. after the application 
of the 12 000-lb. load. That is, doubling the load doubled the set. 

Figure 26 shows the relation between load and vertical deforma- 
tion for successive loads on another pivot originally sharp. The speci- 
men was first loaded to 7000 lb. in increments of 2000, and the def- 
ormation under load and the set were measured after the application 
of each increment. The deformation increased directly with the load; 
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the set apparently began at a very small load, and also increased di- 
rectly with the load. For Test 2 the load was increased in increments 
of 1000 lb. from 1000 to 7000 lb. The deformation again increased 
directly with the load, but no additional set was produced until a 
6000-lb. load had been applied, and was only 0.0002 in. at the 7000-lb. 
load. The specimens were then loaded in increments of 1000 lb. from 
1000 to 10 000 lb. The deformation increased directly with the load 
up to 7000 lb., the load to which the specimen had been previously 
subjected; beyond this load the deformation increased more rapidly 
than the load. There was no additional set at 7000 lb., the load to 
which the specimen had been subjected, but above that load the set 
increased with the load at about the same rate as in Test 1. It should 
be noted that for this test the bearing was much harder than the pivot. 


Tests by Moore 


Moore did not determine the effect of successive loads on a pivot 
originally sharp, but did make tests to determine the effect of suc- 
cessive loads upon a pivot having a round edge, and the results have 
been included in this section. The physical and geometrical properties 
of the pivot, C-550-60-4, are given in Tables 3 and 5. For the first test, 
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the pivot was loaded to 28 000 lb., the vertical deformation being 
measured at increments of 2000. The load was then removed and, 
for the second test, increased to 32 500 lb., the vertical deformation 
being measured at increments of 2500 lb. Tests 3 and 4 were made in 
4 similar manner, the maximum load for each of these tests being 
37 500 lb. The load-deformation curves for all tests are given in 
Big. 27. 

These tests by Moore and Thomas apparently indicate (1) that 
the width of the edge of a pivot originally sharp will increase with the 
load, but that, a load having once been applied, no further change by 
plastic flow is produced by successive applications of the same or 
smaller loads (wear is neglected); the application of a load greater 
than any previously applied, however, will increase the set until the 
edge is wide enough to carry this new load; and (2) that, for a pivot 
having an edge originally round or flat, a load greater than the critical 
load will widen the edge by plastic flow at the first application, but 
additional applications of the same load will not cause additional flow. 


12. Bearing Value of Pivots Having Round Edges. — 
Tests by Moore 


The results of tests of pivots having round edges are presented in 
Table 11. The physical and geometrical properties of the specimens 
are given in Tables 3 and 5. The vertical-deformation method was 


used for these tests. 
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Tests by Thomas 

Tests were made by Thomas on four pivots having round edges, 
using the vertical-deformation method. The specimens are described 
in Table 7, and the load-deformation curves are shown in Fig. 28. The 
critical loads are given in Table 14. The bearing for the test reported 
in the first line of the table was much softer than the pivot, see Fig. 
28, and the set was probably in the bearing; this accounts for the 
low critical load for the test. The bearings for the tests reported in 
the second and fourth lines were slightly harder than the pivots but, 
as shown in the figure, the edge of the pivot was not increased a 
measurable amount even though the load was increased to 33 000 
lb. in one instance and to 39 000 in the other. Both of these latter 
pivots showed fine cracks in the edges after the maximum load had 
been removed. 


13. Umit Bearing Pressure on the Edge of Flat Pivots.— 


Tests by Thomas 
The unit vertical pressure on the edge of the pivots, as determined 
by Thomas, is given in the two right-hand columns of Tables 8, 9, 
10, 12, and 13; the values in one column are based upon the critical 
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TABLE 14 


BEARING VALUE or Pivots Havinc Rounp Epqes—Tssts py THOMAS 
Pivots 1.04 in. long. Radius of edge, 0.10 in. 


Specimen No. Rockwell No. Width of Edge 
Critical Load 
; . , Before After Fore 
Pivot Bearing Pivot Bearing Test Test 7 

in in 
C-400-90-4 C-400-90-7 61.0 54.5 0.0406 0.0405 8 000 
C-400-90-5 M-90-3 62.0 64.7 0.062 0.058 15 000 
C-400-90-7 C-400-90-4 56.0 48.4 0.097 0.096 14 000 
C-400-90-8 M-90-3 62.0 64.7 0.046 0.047 15 000 
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load and the original width of edge, and the values in the other column 
are based upon maximum load and the width of edge after the load 
had been removed. The diagrams of Fig. 29 show the relation between 
the load and the unit vertical pressure for pivots having flat edges for 
three tests chosen at random. The straight portion of the diagram to 
the left corresponds to that portion of the test for which the load 
was so small that it caused no change in the width of the edge. Be- 
ginning at a load corresponding closely to the point designated as 
the critical load, indicated by a short vertical line on each diagram, 
the width begins to increase with further increases in the load, slowly 
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TABLE 15 


Unir VerticaL PressuRE on Pivots, Beartncs Nor INDENTED AT CRITICAL 
Loap or Prvor—Tests By THOMAS 


1 
Unit Vertical 


Specimen No. Rockwell No. Pressure at 
Initial Bearing | Critical 
Width of |Indented| Load ae : 

Edge at per Pivot Critical |Maximum 

j ; in. lb. lb. Fi Bear- Load Load 

Pivot Bearing Pivot ing lb. per lb. per 

sq. in. sq. in 

B-500-90-14 B-500-90-13 0.03030 14 000 13 560 51.2 | 53.2 | 425 000 | 607 000 
B-500-90-16 B-500-90-18 0.04053 20 000 19 700 52.7 | 55.0 | 458 000 | 622 000 
B-500-90-17 B-500-90-16 0.03960 20 000 19 430 52.4 | 54.5 | 463 000 | 637 000 
E-300-90-3 E-300-90-1 0.00805 5 000 4 850 53.7 | 64.9 | 544 000 | 712 000 
-500-90-4 E-500-90-6 0.00835 6 000 5 370 55.3 | 58.6 | 582 000 | 663 000 
E-500-90-5 E-500-90-4 0.00827 6 000 3 410 48.0 | 58.8 | 373 000 | 547 000 
E-700-90-7 £-700-90-9 0.00784 4 000 4 000 46.6 | 48.0 | 462 000 | 535 000 
E-700-90-9 E-700-90-8 0.80811 5 000 3 750 45.3 | 47.2 | 418 000 | 513 000 
St-500-90-5 M-1050-90-5 0.00790 No 4 150 53.6 | 64.1 | 480 000 | 675 000 
St-500-90-6 M-1050-90-6 0.00795 Inden- 4 720 52.7 | 60.8 | 535 000 | 690 000 
St-500-90-7 M-1050-90-7 0.00827 tation 4 140 53.7 | 62.9 | 460 000 | 575 000 
St-500-90-8 M-1050-90-5 0.00835 4 260 53.6 | 64.1 | 465 000 | 618 000 
M-1050-90-1 | M-1050-90-4 0.00826 7 000 5 000 58.4 | 62.1 | 566 000 | 810 000 
M-1050-90-2 | M-1050-90-3 0.00837 7 000 5 590 59.3 | 63.9 | 625 000 | 850 000 
M-1050-90-3 | M-1050-90-2 0.00838 8 000 4 580 60.8 | 61.9 | 512 000 | 802 000 
M-1050-90-4 | M-1050-90-1 0.00811 6 000 4 500 59.4 | 62.9 | 518 000 | 850 000 


at first and then more rapidly. A load is finally reached at which 
the width, as measured after the load is removed, increases directly 
with the load (approximately) and the unit vertical pressure is nearly 
constant. A constant unit pressure is indicated by a vertical line. One 
of the diagrams is almost vertical, one inclines slightly upward to 
the right and one inclines a somewhat greater amount upward to the 
left. For each of the tests reported in Fig. 29 the bearing is slightly 
harder than the pivot. The maximum unit vertical pressures for these 
tests are 700 000, 720 000, and 930 000 lb. per sq. in., and the Rock- 
well numbers for the corresponding bearings are 56.0, 55.5, and 64.1, 
respectively. 

The unit vertical pressure on the edge of the pivot at the critical 
load, as given in Tables 8, 9, 10, 12, and 18, has no particular sig- 
nificance except for tests in which the pivot was flattened before the 
bearing was indented. These have been collected in Table 15. These 
data apparently indicate that the unit vertical pressure on 90-degree 
pivots having a hardness represented by Rockwell numbers of from 
50 to 60 is about 400 000 to 500 000 Ib. per sq. in. at the critical load. 
This corresponds to a load of 4 000 to 5 000 lb. per linear in. for an 
edge 0.01 in. wide. The unit vertical pressure at the critical load does 
not appear to be affected by the initial width of the edge, but does 
increase with the hardness of the pivot and the size of the pivot angle. 
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IV. SUMMARY 


14. Summary of Results —In this report the load-carrying capacity 
of the edge of a pivot is assumed to depend upon a load designated as 
the critical load. In conception, the critical load is the minimum load 
that produces inelastic deformation. Quantitatively, the critical load 
as determined by the change-in-width of the edge of the pivot has 
been arbitrarily taken as the load that produces a change in width 
equal to 0.0005 in.; and the critical load as determined by the ver- 
tical deformation has been taken as the load corresponding to the point 
on the load-deformation curve at which the relation between the load 
and deformation changes, that is, at the break in the curve. 

The tests reported in this bulletin apparently support the following 
conclusions relative to the critical load for pivots of carbon and alloy 
tool steel when hardened and tempered. 

(1) The bearing value of a knife-edge or pivot varies approxi- 
mately with the angle for angles of from 30 to 120 degrees, the range 
covered by these tests. 

(2) The bearing value of a pivot varies approximately with the 
width of the edge for widths of from 0.004 to 0.040 in., the range 
covered by these tests. 

(3) The bearing value of pivots increases with the hardness for 
variations of from 45 to 60 on the Rockwell scale, but no very definite 
relation between the two variables was established in these tests. 

(4) In order that the pivot may not indent the bearing, the latter 
should be harder than the former by from three to five points on the 
Rockwell scale. There is some evidence indicating that permanent 
set is more likely to be received at a smaller load by the bearing than 
by the pivot if the pivot has a large angle than if it has a small one. 

(5) For pivots having an edge originally round or flat successive 
applications of a load below the critical load will cause no plastic flow. 

(6) The edge of a pivot originally sharp will increase with the 
load, but, a load having once been applied, no further change by 
plastic flow is produced by successive applications of the same or 
smaller loads (wear is neglected); the application of a load greater 
than any previously applied, however, will increase the set until the 
edge is wide enough to carry this new load. 

(7) For a pivot having an edge originally round or flat a load 
greater than the critical load will widen the edge by plastic flow at 
the first application, but additional applications of the same load will 
not cause additional flow. 
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(8) The average unit vertical pressure on 90-degree pivots having 
a hardness represented by Rockwell numbers of from 50 to 60 is 
about 400 000 to 500 000 lb. per sq. in. at the critical load. This cor- 
responds to a critical load of from 4000 to 5000 lb. per linear in. for 
an edge 0.01 in. wide. The unit vertical pressure at the critical load 
does not appear to be affected by the initial width of the edge, but 
it increases with the pivot angle and the hardness of the material. 

(9) No pivot of the many scores tested was chipped or nicked | 
as a result of the tests. In two instances a hair crack was discovered | 
in the edge of a pivot having a round edge, the pivots in both cases 
having been loaded to 30 000 lb. per linear in. or more. 
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